THE SYNTHESIS AND STRUCTURE OF POLYPHOSPHAZENES
FINAL REPORT FOR PERIOD JUNE 15, 1988 -JUNE 14, 1991 The purpose of this work was the design, synthesis, and property evaluation of new polymers derived from the inorganic elements. A major component of the work was the development of synthesis methodologies that would allow access to new polymer systems, and a relating of properties to polymer structure in ways that would permit effective molecular design in future work.
SUMMARY OF THE MOST IMPORTANT RESULTS
New polyphosphazenes have been synthesized that bear cyano, isothiocyano, ferrocenyl, r| 6 -arene chromium carbonyl, and phosphazo side groups. The properties of these polymers range from elastomers to electroactive or photoactive polymers. The isothiocyanato polymers are reactive intermediates for preparation of a broad range of new inorganic organic-substituted polymers including bioactive species.
Two methods have been discovered for facilitating the ring-opening polymerization of cyclic phosphazenes to high polymers. The first involves the introduction of ring strain by incorporation of trans-annular ferrocene units. Some of these trimers polymerize directly to fully organo-substituted phosphazene high polymers without the need for a subsequent macromolecular substitution step. The second method involves the use of cyclic molecules that contain carbon or sulfur in the ring, along with phosphorus and nitrogen. The resultant poly (car bop hosphazenes) and poly(thiophosphazenes) are the first members of new classes of inorganic polymers with properties that extend those found in classical polyphosphazenes.
The development of relationships between molecular structure, and polymerization behavior or polymer properties has been accomplished by X-ray diffraction and molecular mechanics studies of a broad range of small-molecule cyclic and linear phosphazenes with different side groups and by X-ray studies on the corresponding high polymers. These studies provide the raw material needed to design polymers for specific advanced engineering uses. 
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